Abstract Depression is linked to a range of poor HIV-related health outcomes. Minorities and men who have sex with men (MSM), suffer from high rates of depression. The current study examined the relationship between depressive symptoms and social network characteristics among community-recruited Black MSM in HPTN 061 from 6 US cities. A social network inventory was administer at baseline and depression was assessed with the CES-D at baseline, 6, and 12-months. At baseline, which included 1167 HIV negative and 348 HIV positive participants, size of emotional, financial, and medical support networks were significantly associated with fewer depressive symptoms. In longitudinal mixed models, size of emotional, financial, and medical support networks were significantly associated with fewer depressive symptoms as was the number of network members seen weekly. In the multivariate analyses, size of medical appointment network remained statistically significant (aOR 0.89, CI 0.81-0.98). These findings highlight the importance of network support of medical care on depression and suggest the value of support mobilization.
Introduction
Depression is the one of the leading causes for loss of productivity and lower quality of life [1] . and its many associations with diminished health extend to those with or at risk for HIV. History of depression predicts physical health condition such as cardiovascular disease and diabetes [2] . Depression is highly associated with hazardous alcohol use, illicit substance use, and relapse of drug use [3] . Among people living with HIV (PLWH), depressive symptoms are linked to lower adherence to antiretroviral medications, greater number of missed medical appointments, and physical health symptoms of HIV [4] [5] [6] [7] [8] . In longitudinal studies of PLWH, depression is also predictive of mortality [9, 10] . Men who have sex with men (MSM) experience higher rates of depression compared with heterosexual populations [11] . Among MSM, depressive symptoms are associated with HIV sexual risk behaviors, and predict HIV seroconversion [12] [13] [14] [15] [16] . Depression has been proposed as one of the key measures of syndemic conditions among MSM as it has been linked to substance use and violence, as well as sexual HIV risk behaviors [17, 18] . It has been suggested that treating depression may improve current HIV prevention interventions [19] , and depression has been shown to have a moderating effect on risk reduction among MSM in one risk reduction intervention [20] .
Relatively few studies have examined depression specifically among Black MSM. One study found that depression was associated with MSM stigma among Black MSM. A sub-analysis of depression among Black MSM in the MACS cohort revealed that depressive symptoms were correlated with sexual compulsiveness and stress [21] . Among Black MSM depressive symptoms have been found to be associated with unprotected vaginal and anal sex with female partners [22] . In the same sample, the author also found that depressive symptoms were associated with problematic alcohol use among Black MSM [23] .
Social support has been consistently found to be protective against depression and social isolation has been consistently found to be associated with depression and well-being [24] [25] [26] . Some stressors such as stigma and discrimination may impact both depression and levels of social support. There is scant literature on social support and psychological well-being among Black MSM. One cross-sectional study in Baltimore found that among Black MSM, receiving emotional support from a family member or a sex partner was associated with reduced odds of having depressive symptoms [27] , and a cross-sectional study of stigma found that a measure of greater general social support was associated with lower perceived HIV stigma but not MSM stigma [28] .
For Black MSM who experience high levels of stress, it is important to understand if and what types of social support may militate against depression. There is a wealth of research that suggests that specific types of social support from network members are linked to specific health outcomes and that some types of support or relationships may be harmful [29] . For example, among men living with HIV, emotional support has been found to be associated with better HIV medication adherence, but among women living with HIV emotional support from a sex partner has been linked to poorer medication adherence [30, 31] . For some impoverished populations, material support from network members may be more important than emotional support [24] . Moreover, perceived support maybe beneficial for individuals who are not heavily reliant on their network members; however, in situation where the network members are called on to provide support, such as emergencies and/or lack of resources, then enacted support may be more important than perceived support. These varying effects of social support on health outcomes suggest the value of using a social network approach to study social support, as it allows for a detailed examination of different types of social support function, role relationships, frequency of interactions, quality of support, and overlaps of social roles and support function. In contrast to the use of scales, social network approaches delineate a list of specific individuals based on functional social support, such as instrumental (provides materials support or physical assistance) or emotional support (provides empathy and understanding); social roles, such as family or sex partners; or attributes, such as emotional and geographic closeness and frequency of contact.
The current study examines the relationship between social network functional support and level of depressive symptoms among Black MSM recruited from six cities in the US as part of HIV Prevention Trials Network (HPTN) 061. First, we examined the association using cross-sectional data, stratifying by HIV status. Low levels of social support may lead to depression, but depression may also decrease social support; hence, a prospective study design can help to understand the directionality of the association. Consequently, we also examined baseline social network functional support domains (emotional, financial, medical appointment, and social participant); frequency of interactions; network size; and role relationships (family and sex partners) as predictors of depression at the 12-month follow-up assessment.
Methods
The HPTN 061 study, which has been described elsewhere, examined the acceptability and feasibility of a combination intervention to prevent HIV among Black MSM in six US cities [32, 33] . Between 2009 and 2010, Black MSM were recruited in Los Angeles and San Francisco, CA; Atlanta, GA; Boston, MA; New York, NY; and Washington, DC. Individuals were directly recruited if they were: (1) HIVinfected but unaware of their infection, or (2) previously diagnosed with HIV but not receiving HIV care and reported having unprotected sex with HIV-negative or unknown status partners, or (3) HIV-uninfected. Once recruited into the study, these participants could refer their sex network members to be enrolled into the study. Recruitment methods were tailored to each site and varied across sites.
Enrollment criteria included self-reported male sex or male sex at birth and African American, Black, Caribbean Black, or multi-ethnic Black racial identification; age at least 18 years old; at least one episode of unprotected anal intercourse with a man in the prior 6 months; residence in the geographic area; no plans to move out of the area during the time of study participation; and provision of written informed consent. Face-to-face or telephone prescreening was used to determine eligibility.
After obtaining written informed consent and confirming eligibility, participants were administered a face-to-face interview, which included a social network inventory. Audio computer-assisted self-interview (ACASI) was used to assess drug and HIV risk behaviors and depressive symptoms. All participants received HIV counseling and testing, and those who tested positive were provided medical and social service referrals. Reactive rapid HIV test results were confirmed by Western blot testing at each study site. Additional quality assurance testing was performed retrospectively to confirm the HIV status of each participant by the HPTN Laboratory Center. The institutional review boards at all participating institutions approved the study protocols.
Measures
The survey assessed housing stability, income, education, and age. Self-reported HIV status was also assessed through face-to-face and ACASI interviews. The Center for Epidemiologic Studies Depression Scale (CES-D) was used to measure the number of days in the past week participants had experienced depressive symptoms. Items were answered on a 4-point Likert scale ranging from ''Less than 1 day (rarely/none of the time)'' to ''5-7 days (most of the time)'', with the sum of all the scores computed for participants who answered all 20 items. The scores were added and dichotomized with a score of C16 considered as clinically significant depressive symptoms [34] . The scale's Cronbach's alpha coefficient of 0.94 suggested high internal consistency.
The network inventory, which assess perceived functional social support and was based on a previously validated measure [35] , was administered by study staff. For the network name generators, each participant was first asked to name up to five persons whom he could rely on for functional social support in the following four domains: (1) emotional support:''If you wanted to talk to someone about things that are very personal and private is there anybody you could talk to?''; (2) medical appointment support: ''Is there anybody who would go to a medical appointment with you?''; (3) financial support: ''Is there anybody you know who you would ask to lend you $100 or more if you needed it?'' and (4) social participation: ''Is there anybody that you get together with, spend time talking, relaxing or just hanging out with?'' Participants were then queried about their sexual network using the following name generator: ''I am now going to ask you about additional people in your sexual network. The people in your sexual network are people you have had anal or vaginal sex within the last 6 months. Although there may be people you only have had oral sex with in the last 6 months, we are not going to include them in this discussion.'' Once the list of network members was delineated, participants were asked about the race, age, gender, relationship, and frequency of contact with each network member.
Analyses: The baseline sample consists of 1167 HIV negative, 348 HIV positive, and 32 participants with unknown HIV status. HIV status was determined by serological assays. We first used Chi square tests to examine the relationship between network factors, other covariates, and baseline level of depression. Then using longitudinal mixed effects logistic regression models, we examined the association between social network factors and depression. These network factors included total network size and the size of three specific types of functional social support: financial support, medical support, and emotional support. One model assessed having family members in the network and one model examined having sexual partner who also were in the network. To assess frequency of interactions with network members, we assessed number of social network members seen daily, weekly, and rarely. At the 12-month assessment, retention was 74.9 %. We also model depression as a continuous outcome using linear mixed effects models. The results of the binary and linear models of depression were highly similar. To determine whether baseline network size was associated with changes in depression over time, interactions between the network factors and time (6 and 12 months) were also modeled. Each multivariate model was adjusted for age, education, household income, housing status, city of recruitment, reporting a place to go for medical care when sick, and having seen health care provider in the prior 6 month. Finally, we stratified the analyses by HIV status. Adjusted odds ratio (AOR) were calculated, as well as 95 % confidence intervals. A p value of \ 0.05 was considered statistically significant. Analyses were conducted using SAS Ò version 9.4.
Results
Descriptive analyses: As seen in Table 1 , the majority of participants had less than a college education (53 %), had household incomes of less than $20,000 a year (60 %), had stable housing (85 %), and were over 30 years of age (66 %). Lower education, income, and housing stability were significantly associated with higher levels of depressive symptoms. City of recruitment was also associated with depression, with significantly higher levels of depression observed in participants from Boston and San Francisco as compared to Atlanta and Decatur, GA. Having family in social network, the number of sexual partners in social network, the total size of social network, the size of network seen daily, and the size of network seen rarely were not associated with depression. The number of network members seen weekly was marginally associated with lower levels of depression (P \ .10).
At baseline larger functional support networks were significantly associated with lower levels of depression (emotional support, p = .0156; financial support, p = 0.0013; and medical assistance support, p = 0.0001) (Fig. 1) . For each of these three network types, among participants who reported that they have no network members, more than half reported depression.
Using longitudinal logistic mixed effects models, we found that after adjusting for covariates, four network characterizes were significantly associated with level of depression (Table 2) , including size of emotional support network, financial support network, and medical appointment support network as well as the number of network members seen weekly. Adjusted odds ratios were similar for the size of the emotional support, financial support, and medical appointment support network variables, ranging from .88 to .92. We examined interactions by network size and levels of depression at the different waves. There were no significant interactions. Size of the support networks at baseline were not significantly associated with changes in depression over time. In a model that included all four network size measures simultaneously, only size of medical appointments network remained statistically significant (OR .88, CI .80-.97).
When stratified by HIV status, a similar pattern emerged for those who were HIV negative. Interestingly, among those participants who were HIV positive, none of the social network factors were associated with depression (Table 3) . Among the HIV antibody positive participants, we also modeled their self-reported HIV status. This variable did not appreciably change the findings.
Discussion
In this study of Black MSM, larger emotional, financial, and medical support networks were found to be associated with lower levels of depressive symptoms. In addition, the number of network members seen weekly was found to be protective in the longitudinal analyses. We did not find evidence that network factors predicted change in depression above and beyond the cross-sectional associations. This finding could be due to the episodic nature of depression or that stressors and other negative life events that may occur between assessments impede any protective effects of the prior network support. It is also possible that depression leads to either perceptions of smaller support networks or actually interacting with fewer network members. These findings do not rule out a bidirectional association between social network factors and level of depressive symptoms.
Prior cross-sectional and prospective studies of social networks and depression in a range of other populations have found that emotional support is protective against depression [24] .
In a Swedish nationally representative sample of 5053 adults depression was associated with lower levels of emotional and instrumental support as well as having friends or acquaintances who could provide ''medical expertise.'' [36] There are a few longitudinal studies of networks and depression. Network studies of elderly do find that lower levels of material support within the social network predicts depression [37, 38] . However, these studies tend to combine material and emotional support. The strong association between level of depression and the number of network members who could attend a medical appointment with the participants may be a measure of the resources of the network members, the strength of the relationships, and/or a matching between the needs of participants and the support provided by network members.
The lack of social network associations with depressive symptoms among self-reported HIV positive participants is perplexing. One explanation is that their need for support may be greater than the support available. The network inventory only assessed perceived support and did not assess actual or enacted support. Future research on social networks of Black MSM should assess actual support provided as well as perceived potential support. Participants living with HIV may have requested support from network members and found that their perceptions did not match support provided. Individuals who they anticipated would provide support may have been unwilling or unable to provide support, and others who they did not expect to provide support may have been more helpful than anticipated. As we did not assess the HIV status of network members we do not know if HIV concordant network members provide important types of support.
It is also possible that the individuals who reported that they were unaware of their HIV positive serostatus or reported that they were seronegative when they knew that they were positive were different than those who knew and reported that they were HIV positive in regards to social network support. However, the majority of HIV positive participants in the study were aware of their positive serostatus. It is also perplexing as to why having network members who were seen weekly was associated lower levels of depressive symptoms, whereas size of network with daily interactions was not associated with lower levels of depressive symptoms. It may be that the network members seen weekly are different or that they provide different types of resources as compared to those network members seen daily or occasionally. For example, network members who are seen daily may request more support than those who are seen weekly, which can be difficult to provide when individuals have limited resources. These results suggest that additional research is needed to better understand the relationship between social network factors and depressive symptoms among people living with HIV.
A list of study limitations should include that the study utilized different recruitment methods at each site, which limits site comparisons. Also, the social network inventory assessed perceived functional support and did not assess enacted support or HIV status of network members, distinctions which, if they could have been analyzed, may have elucidated unexplained patterns in our findings. Adjusted for age (dichotomized), education, household income, housing status, city, have a specific place to go when need medical care, and seen a health care professional in prior 6 months Moreover, there were limitations on the number of network members who could be named. Recall biases and the limited number of name generating questions may have also influenced the findings. We also did not assess clinical depression; rather we assessed symptoms that indicate probable depression. While noting these study limitations, it is also worth acknowledging the strength of the study's multisite design, which enhances the generalizability of the findings, as well as the large sample size. Although a prior study of Black MSM found that emotional social support was associated with lower levels of depression [27] , the results of the current study suggest that instrumental support may be an important factor in the psychological well-being of the Black MSM. Interventions to bolster networks that can provide instrumental support may be beneficial for depression and may also help to build a greater sense of community and enhance social capital among Black MSM who may suffer from racial, sexual orientation, and HIV stigma as well as from individual and neighborhood poverty [33] . Such interventions could enhance personal networks as well as develop stronger community networks for providing support and resources and encouraging social norms of risk reduction and health care promotion. As HIV infection also travels through the sexual networks of MSM, it is critical to both understand network dynamics and resilience factors that that can be leveraged to reduce transmission and enhance health behaviors. 
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